Abstract: This study reports 2 new simple derivatization-based dispersive liquid-liquid microextraction (DLLME) methods for spectrophotometric ultratrace determination of asulam and sulfide. 1-Naphthol (in the presence of nitrite) and N,N-diethyl-p-phenylenediamine (in the presence of Fe(III)) were used to derivatize asulam and sulfide, respectively.
Introduction
One of the most commonly used carbamate pesticides is asulam, methyl-4-aminobenzenesulfonyl carbamate, which has a broad spectrum of applications in agricultural activities as an insecticide, herbicide, and fungicide. Asulam stops cell division and growth of plant tissues. It also acts as a postemergence herbicide for controlling deciduous and perennial grasses. The carbamate pesticide is accumulated in soil and remains for more than one season. Due to its high water solubility and stability, it exhibits high mobility; therefore, it acts as a potential pollutant for both ground and underground water resources and soils. This justifies asulam control in the environment in an accurate, sensitive, and selective manner. Various analytical methods have been introduced for asulam determination in different samples. Some of the methods are chemiluminometric methods based on enhancing or inhibiting effects of asulam on the luminol/peroxidase system 2,3 and UV photoreaction-oxidation system, 1 electrocatalytic detection using nickel(II) phthalocyanine-multiwall carbon nanotubes (MWCNTs) 4 and cobalt(II) phthalocyanine modified MWCNTs, 5 an immunoassay method using a specific reactive antibody, 6 micellar electrokinetic capillary chromatography by UV and electrochemical detection, 7 capillary electrophoresis by UV and electrochemical detection, 8 ultra-HPLC-tandem MS 9 and spectrofluorimetry after derivatization with fluorescamine. 10 Because of asulam's high polarity, development of an efficient asulam enrichment method is both difficult and important. Some justifiable microextraction-based methods have been reported for determination of carbamate-based pesticides. One of them is an in-capillary microextraction method. That method uses monolithic-based poly(butyl methacrylate) and polydivinylbenzene adsorbents trying to develop an enrichment/determination procedure for asulam and other carbamate pesticides. 11 The analytical signals obtained versus the amount of the analytes preconcentrated depends on their polarity. The more polar analytes, such as asulam, were not preconcentrated and therefore were not detected. Another report used a dispersive liquid-liquid microextraction method by using chloroform as the extractant for analysis of N-methylcarbamates pesticides. 12 However, asulam was detected with lower sensitivity than some of the other analytes tested.
Most microorganisms produce sulfide from amino acids. Some sulfate-reducing microorganisms also convert sulfate to sulfide. In addition, effluents of some industries contain sulfide. The sources of sulfide pollute water resources. Therefore, determination of sulfide in water resources is important biologically and industrially.
Sulfide reacts with appropriate aromatic amines in the presence of Fe(III) to produce their related phenothiazines. Spectrophotometric determination of sulfide as phenothiazine derivatives has been reported in the literature. Some of the nonextractive reported methods are flow injection or sequential injection based methods with detection of methylene blue or thionine 13 hollow fiber liquid microextraction, 27 and dispersive liquid-liquid microextraction (DLLME). 28,29 DLLME is one of the most interesting ones, due in particular to its efficiency, application, and enrichment factor in the analysis of environmentally important species. 30,31 DLLME can be considered a miniaturized version of conventional LLE and requires only microliter volumes of solvents. In DLLME, extraction solvent and time, disperser, and electrolyte added are the basic parameters that determine the efficiency of extraction. Various alternatives have made DLLME as a greener method for analysis. One way to establish a greener DLLME method is cancellation of dispersive solvent in the extraction process. Irradiation by ultrasonic waves is another efficient method to establish a disperser-less homogeneous extraction procedure. Another modification that makes DLLME safer is applying green water-immiscible extractants such as ionic liquids (ILs). The disperser-less DLLME using the fine droplets of ILs is performed by cold-induced process, sonication, and in situ IL formation. Among the techniques, in situ formation of an immiscible IL is simpler and easier to achieve. Generally, in situ formation of an immiscible IL is performed via an ion exchange process by mixing the solutions containing appropriate electrolytes prior to (or during) a DLLME experiment.
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UV-Vis spectrophotometry is a cheap, common, simple, and easy to operate determination technique that is applicable for a wide range of analytes in many laboratories. Compared with chromatography, spectrophotometry has less selectivity. A suitable enrichment-separation step prior to spectrophotometry enhances both selectivity and sensitivity. In order to attain the purpose, a low volume of an extractant in conjunction with a microvolume cuvette is necessary. In this work, 2 derivatization reactions were used to develop 2 ef-ficient spectrophotometric methods for trace determination of asulam and sulfide. This work aimed to show when derivatization reactions are coupled with an IL-based DLLME enrichment method powerful methods for spectrophotometric determination of different types of analytes (sulfide as an inorganic and asulam as an organic) are created. The established DLLME methods have provided appropriate sensitivity and selectivity. The highly extractable dyes formed (the asulam based azo dye and the sulfide based ethylene blue) with high molar absorptivities were enriched into in situ formed 1-hexyl-3-methylimidazolium hexafluorophosphate ([Hmim][PF 6 ]). The established methods were satisfactorily applied to the determination of asulam and sulfide in various samples.
Results and discussion
The triangular phase diagrams of some 1-alkyl-3-methylimidazolium hexafluorophosphates ( Moreover, small amounts of water are dissolved in the ethanolic solutions of these ILs but large amounts of water are dissolved in these IL-ethanol solutions containing large amounts of ethanol. 32, 33 To prepare a clear IL phase for spectrophotometry, some amounts of ethanol must be added to the IL-rich phase after extraction.
Optimization of the DLLME method for asulam
Optimization is necessary for obtaining the best condition. The absorbance difference between the sample and blank at 526 nm was considered the analytical signal. A step-by-step optimization procedure was evaluated for optimizing the parameters. The steps that must be optimized are diazotization, excess nitrite decomposition, azo-coupling, extraction process, and handling of the IL-rich phase prior to spectrophotometry. The derivatization reaction for asulam determination is shown in Figure 1 . Figure 2 shows the absorbance spectra for an asulam-containing sample and the related blank.
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Step: To evaluate the effect of nitrite concentration on the sensitivity of the proposed method, nitrite in the range of 0.1-2.0 mmol L −1 was varied and the procedure was followed. According to the obtained results, it appeared that the sensitivity of the method was independent of nitrite concentration in this range. Therefore, 0.8 mmol L −1 nitrite was used for the subsequent experiments.
The effect of the diazotization reaction time was investigated in the range of 1-10 min at room temperature. The results are displayed in Figure 4 . The diazotization rate of asulam was relatively fast and the reaction was completed after 5 min. Therefore, a reaction time 5 min was chosen for further experiments. Some experiments were conducted to extract the basic form of the produced azo dye. The results of the experiments showed that the basic form of the azo product (a negative ion) is not extractable in the ionic liquid phase. Therefore, in this stage, hydrochloric acid in the range of 15- Figure 6 , KPF 6 as 50 mmol L −1 was chosen for the subsequent investigations. The effects of extraction time and centrifugation time were also studied. Extraction time and centrifugation time (with 1000 rpm) were varied in the ranges of 1-9 and 2-15 min. Extraction duration in the range of 3-9 min produced constant and maximum sensitivity, while 2 min centrifugation was sufficient for isolation of the IL-rich phase from the aqueous solution. Therefore, 3 min extraction time and 2 min centrifugation time were selected for the subsequent experiments.
After extraction, the aqueous phase was discarded and the IL-rich phase was dissolved in ethanolic solutions for spectrophotometry. Complementary experiments showed that the acidic and basic forms of the produced azo dye had absorbance maximums at 460 and 526 nm, respectively. The molar absorptivity of the basic form of the dye was higher than that of the acidic form. Therefore, an ethanolic solution containing sodium hydroxide was used to dissolve the IL-rich phase. The volume of the ethanolic solution and its hydroxide concentration must be optimized. Ethanol (40 µ L) containing sodium hydroxide concentration in the range of 8-60 mmol L −1 was used to dissolve the IL-rich phase prior to spectrophotometric detection at 526 nm. The behavior of ionic strength may be complex. Salting-out or salting-in effects may be observed in the extraction experiments. On the other hand, solubility of ILs is increased in aqueous solutions containing high ionic strength. 35, 36 The effect of ionic strength on the sensitivity of the proposed method was investigated by the addition of sodium chloride in the range of 0.0-0.8 mol L −1 . The obtained results showed that the electrolyte had no considerable effects on the sensitivity of the method. Figure 7 shows the absorbance spectra for a sulfide-containing sample and the related blank. The absorbance difference between the sample and blank at 664 nm was considered the analytical signal for the sulfide method and a comprehensive study was performed for the optimization of the affecting parameters. The affecting parameters were Fe(III), DPD, total sulfuric acid, 1-hexyl-3-methylimidazolium chloride, potassium hexafluorophosphate concentrations, reaction time, extraction time, centrifugation time, and ethanol volume for diluting the IL-rich phase.
Optimization of the DLLME method for sulfide
Step-by-step optimization was performed. Table 1 indicates the parameter variation ranges and the selected values. Step Ionic strength was varied by using sodium chloride and sodium nitrate up to 0.7 mol L −1 . The results showed that variation of the salts has no considerable effect on the sensitivity of the sulfide determination method.
Analytical figures of merit
The optimal conditions for the established DLLME methods were applied and calibration graphs were obtained. In addition, in the sulfide determination method, selected values of the parameters in Table 1 Sulfide concentrations as 0.4 and 3.0 ng mL −1 were analyzed (n = 8) by the DLLME method and the recoveries and relative standard deviations as percentages were obtained. The values were 100 and 3.5 for 0.4 ng mL −1 , and 101 and 2.7 for 3.0 ng mL −1 , respectively. LOD was 0.019 ng mL −1 sulfide. Limit of quantification for the sulfide DLLME determination method was 0.063 ng mL −1 .
Effect of foreign species
An interference study was carried out using various foreign cations, anions, organics, and pesticides. The study presents the selectivity of the DLLME methods. Known concentrations of the species were added, individually, to a solution containing 20 ng mL −1 asulam or 1.0 ng mL −1 sulfide. The tolerance limit was defined as the concentration of the species when it caused an error in the range of ± 5% for asulam or ±7% for sulfide. (wt/wt) concentration, and species such as parathion, methyl-parathion, fenitrothion, diazinon, metribuzin, carbendazim, benomyl, sodium tartrate, and sodium citrate showed interference at 300-fold level. Sulfanilamide showed interference at 0.2-fold level.
Foreign ions such as ClO
The selectivity of the sulfide determination method also was investigated. Foreign ions such as ClO and Pb(II) showed interference at 200-fold and 20-fold levels, respectively.
Real sample analysis
Various water, soil, and urine samples were analyzed to investigate the validity of the asulam determination method. The results are given in Tables 2 and 3 . In addition, to validate the presented method for asulam determination, 1.0 mL of standard 100 µ g mL
asulam (AccuStandard Company, P-276S) in methanol was purchased and then was analyzed. The obtained asulam in the 1.0 mL of solution was 100.9 ± 0.7 ( ±0.7 is standard deviation of the determination).
The validity of the sulfide determination method for water and wastewater analysis was investigated. The results of the experiments are given in Table 4 .
The obtained precisions and recoveries show that the presented methods were successful in the determination of asulam and sulfide.
Comparison with the other methods
Some distinct analytical features of the proposed methods were compared with those of a variety of previously reported asulam and sulfide determination methods in Tables 5 and 6 , respectively. Compared with the presented asulam determination method, the methods in Table 5 show some disadvantages in the limit of detection, 1, 4, 5, 7, 8, 12, 37 linear dynamic range [3] [4] [5] 10 , and the range of the sample analyzed.
1−10,12,37
Moreover, the analytical characteristics of the presented sulfide determination method were compared with the others as shown in Table 6 . Compared with the presented sulfide enrichment/determination method, the others show some limitations in the limit of detection, 
Conclusions
As can be seen, the developed DLLME methods were studied comprehensively, and were evaluated for trace determination of asulam in water, soil, and urine samples as well as sulfide in water and wastewater samples. The enrichment-microcuvette spectrophotometric determination methods used some microliters of the in situ formed All UV-Vis spectra and absorbance measurements were performed using a double beam spectrophotometer, Shimadzu (Tokyo, Japan) model UV-1650 PC, equipped with a 20-µ L quartz cell with 10.0-mm path length (Hellma, Germany). A pH meter (Metrohm model 744, Switzerland), a centrifuge model CE. 144 (Shimifan company, Iran), and an ultrasonic bath (Bandelin model DT 255 H, Germany) were also used. A 50-µ L syringe (Hamilton, Switzerland) and a micropipette (Treff, Switzerland) were used to handle the IL-containing phases. The water samples were filtered, and were analyzed according to the presented DLLME procedure.
Procedure for asulam determination
The soil samples were sieved and their water contents were determined. Then equivalent to 5.0 g of the dry soil samples and 20 mL of a basic ethanolic solution (1 mL of aqueous solution of sodium hydroxide 0.2 mol L −1 plus 19 mL of ethanol) were transferred to a 100-mL round bottom flask and the mixture was sonicated in a water bath for 15 min. The extract was filtered and was equilibrated with another 20 mL of the basic ethanolic solution under the sonication condition. Both fractions were placed in another 100-mL round bottom flask, were neutralized with hydrochloric acid, and then were evaporated to about 2-3 mL. Then the residue was transferred to a 50-mL volumetric flask prior to dilution with deionized water. Five milliliters of the final solution was analyzed according to the DLLME procedure.
In addition, 2 urine samples were analyzed according to the presented DLLME procedure by analyzing 3.0 mL of the sample solutions.
The standard addition method was applied to all of the samples in order to verify the validity of the DLLME determination method. For the analysis of water samples, 5.0-mL samples were analyzed. Wastewater samples were treated with the depicted gas-phase separation/sorption apparatus. 49 Ten milliliters of a concentrated sulfuric acid (18.5 mol L −1 ) was added to the reaction tube containing 30 mL of the wastewater samples, and the procedure was followed. The standard solutions of sulfide were also added to all of the original samples in order to evaluate the validity of the DLLME determination method.
